Supply chain management is an integrated approach for planning and controlling materials, information, and finances as they move in a process which begins from suppliers and ends with customers in forward approach. As distribution network planning is strategically done, the related decisions should be optimized. This supply chain planning involves transportation, the location of facilities, and inventory control decisions. This study is a new approach for considering customer's differentiation in an integrated model to location-allocation and inventory control supply chain. The proposed model is multi-product, single-period and with stochastic demands. Additionally, warehouses have multilevel capacity limitation. For more reality, the probability of transportation through different vehicles, different transportation capacity, and transportation costs are also taken into the consideration. The customers are divided into two strategic and non-strategic groups by adopting the critical level policy. The exact calculation method is employed for small scale instances while hybrid meta-heuristic algorithms (Genetic and Simulated Annealing) developed for real samples. Efficiency and quality of solutions are examined via the ANOVA to report proper and near-optimum
Introduction
In the present competitive world that includes this obscure and risky operational environment, an efficient, responsive, and economical supply chain (SC) design is very significant (Friesz et al., 2011; Malmir et al., 2016) . This (SC) management provides corporations with competitive advantages (Raghunathan, 2003; Malmir et al., 2015) . In 1960s and 1970s, for enhancing their competitiveness, organizations attempted to manufacture products of higher quality at lower costs by standardizing and improving their internal processes (Helper et al., 2010) . In 1980s, according to varied expected patterns of customers, organizations tend to encourage their manufacturing flexibility and develop new products for fulfilling demands of customers. In 1990s, along with improving manufacturing processes and using reengineering patterns, a large number of industries, awarded that not only they should improve internal processes and flexibilities, but the related supplier processes must also become developed to produce goods with high quality and low cost. Suppliers should also be closely interrelated with the manufacturer's development policies (Ganesha et al., 2014; Bisheh et al., 2018) . Organizational survival is subject to the customer demand fulfillment. Additionally, integration of the involved organizations and material, informational, and financial coordination are examined for improving competitiveness (Farahani, and Elahipanah, 2008; Bisheh et al., 2016 ).
There are two ways for effectiveness in costs and service level (Tiemessen et In the considered distribution network, different customers (in terms of purchase volume and corporate strategies) are differently significant to the headquarters and each of them requires a unique supply policy in case of demand uncertainty (Bisheh et al., 2019) . This study examines impacts of customer demand fulfillment method upon SC design components with respect to different importance of customers, demand uncertainty, transportation variation, limited capacity of warehouses, and backorders. The next section reviews studies on warehouse location in the SC and its customers. After a comprehensive review about customer classification, the mathematical model is proposed and then two meta-heuristic algorithms of classic genetic algorithm (GA) and hybrid of genetic and simulated annealing (SA) is employed to solve the model generally. According to the nature of meta-heuristic algorithms, a verification is done via analysis of variance (ANOVA) to ensure that the results are reliable.
Literature Review
In this article, previous studies are considered in two categories. In the first category, general models in the supply chain management with emphasis on Location-Allocation and Inventory Decision are surveyed while a critical review on customer differentiation studies is performed in the other one. While prior studies properly concentrate on theories of stock, they barely cover inventory systems with respect to different classes of customers. A dynamic system is introduced by Veinnot (1965) who periodically reviews critical level of warehouses. This approach is viewed as an optimal policy for lost sale such as backorders (Topkis, 1968; Kaplan, 1969 ). unlimited horizon, periodical review and two classes of demand. This system is measured by employing multidimensional Markov chain approach and optimality of two levels of the concerned service.
The following table summarized all some studies on classification and differentiation of customers. 
Problem Statement and formulation
This study concentrates on location, stock, and transportation system. This system involves fixed facilities i.e. warehouses and consumers (which are transformational factories) and movable facilities i.e. transportation. This research measures goods in networks, shows routes of warehouses among potential places and allocates transportation for fulfilling demands of consumers in accordance with capacity limitations in a triple-level SC.
The researchers concentrate on location decisions, measurement of inventory levels and transportation rate in light of costumer differentiation within SC planning horizon. Decisions are made in a discrete atmosphere. In any candidate point, typology of warehouses and transportation should be determined. Proof is presented in the appendix. Now, based on the economic order quantity approach, the proposed model can be formulated as follows:
Holding Cost is estimated with respect to reordering point and safe reserve:
By using Qjl *, total holding cost can be written as follows:
Therefore, the ultimate target function including warehouse establishment, factory-towarehouse transportation and warehouse-to-customer transportation costs as well as Holding, convenient stock and shortage costs is as follows:
Subject to:
C2jl HCjl.Z1-α. .
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C2jl≥0 (14) Xjh;Yijlє {0,1} (15) This model objective function selects a set of distribution units for supplying customers with services and allocating customers to the established distribution units in order to minimize the total costs of transportation, inventory, location, and shortage for each class of customers. 
Problem Solving Approach
This section presents experimental results that validate the solution method design and express how it would behave for various set of problems. All of the instances problems are implemented in MATLAB 7.12 with a PC with a 2.8 GHz Intel ® Core™ i7-2400 processor and 8 GB RAM memory. Two sets of instances are used for small and real-size problems.
The conducted studies on hybrid optimization problems show high efficiency of metaheuristic methods. Methods such as genetic algorithm, Tabu search, and Simulated Annealing (SA) can effectively solve single-target optimization problems. This study pursues two approaches for covering real dimensions. The proposed model was initially measured and its results were offered by utilizing genetic algorithm. Then, the problem was solved by using Genetic Algorithm and hybrid GA-SA (using SA for local search). Finally, results of these approaches were compared and contrasted by utilizing GAMS 24. 
Computational results
In order to compare the obtained results via proposed Hybrid algorithm, classic GA employed in large scale problems. As a matter of fact, all instances are solved via both GA and hybrid algorithms. Firstly, the model is solved with exact method by using barons solver via GAMS.
Percentage relative error (PRE) is used to measure performance of small-size instances and relative percentage deviation (RPD) is used to measure performance of large-size instances, since this category the optimum solution could be found as mentioned in Kayvanfar and Teymourian (2014):
Where O is the optimum cost obtained by GAMS, Algsol is the objective cost which is obtained by selected heuristic method and Minsol is the best solution obtained for each instance. In this occasion, lower value of PRE and PRD are preferable. Tables 2 and 4 show the computational results for small-and large-size problems. Total MCPU time spent (spent time?) to solve for each instance by meta-heuristic algorithms is compared in figure 2 which shows both solved instances in a polynomial order. Now, analysis of variance (ANOVA) is performed to check whether the differences observed in Table 2 are statistically significant or not. Table 3 is the ANOVA output for obtained PRE of both algorithms. According to Table 3 , since the p-value is approximately 0.1, the differences among both algorithms are not significant. In large-size instances, as it can be seen from RPD's value, hybrid algorithm outperforms classic GA. By increasing the problem size, GA performed better due to extra stage in hybrid algorithm for local search via SA which caused better performance than SA in value of objective function. Again, it is necessary to check whether the differences observed in table 4 are statistically important or not. As for small size instances, ANOVA is applied over the results. Table 5 demonstrates the ANOVA output for the obtained RPD in average. As it can be seen again, no significant difference is observed (p-value≈0.05 ≥ α=0.05) among the RPD's result in Table 4 . 
Sensitivity Analysis and Discussion
In this section the impact of increasing the number of customers, potential warehouses, products, type of transportation and capacity level for potential warehouses on the objective function was studied and solved, so that by keeping all parameters fixed, the graphs of MCPU Time and objective function value have been drawn and analyzed. Table 6 shows number and size of each instance. As it can be seen in Figure 3 , although the MCPU Time is initially reduced due to the increasing number of retailers and the capacity level of warehouses, but then it shows an increasing trend, while the slope of the capacity level shows an exponential trend after second instance. Increase in the number of potential warehouses showed a small increase and also increase in the number of vehicles does not have any substantial effect. Although increasing the number of products to three shows a slight rise, after that running duration increased dramatically. According to the figures, it can be concluded that the number of products and the capacity level have the greatest impact on the solving duration. Figure 4 shows the objective function value alterations due to change in the index (assuming that the rest were constant). As can be seen in the figures, the number of retailers and products has a direct and linear impact on the objective function; however, the number of potential warehouses does not reflect any serious impact. In contrast, increasing capacity level for up to four levels has a significant impact on overall cost reduction. Use of two means of transportation showed considerable reduction in cost. This decrease is continued, with milder slopes, by using four vehicles and with using more than four vehicles the objective function is increased. 
Conclusion
In this study a distribution network model for a three echelon capacitated (SC) with uncertain customer demands and special respect to customer differentiation was developed. This paper with a critical review to previous studies on customer differentiation, introduced a new approach for modeling differentiation of customers into two classes of strategic and nonstrategic ones by using a critical level of (C, S). This model was a mixed integer non-linear model which is placed in category of NP-hard problems and could not be solved with an exact method in real size problems with a reasonable time period. Therefore, the model was solved with two meta-heuristic algorithms. First, it was solved with a classic GA and then a hybrid of GA-SA is used where SA used for local search. For evaluating efficiency of algorithms, ANOVA was used which showed in small-size instances, with p-value≈0.1, the differences among both algorithms are not significant. The p-value for large-size instances was 0.5 which showed again there was no significant difference among algorithms. Finally, sensitivity analysis showed number of products and level for warehouses has the most important effect on MCPU Time and increase level for potential warehouses cause a great decrease in total costs.
This study can be expanded to several directions such as considering N classes of customers or demand dependency. Another potential area of research is considering the problem as a multi-objective system to reduce delivery time and improved customer service level. 
